Background: Obesity puts a great health burden in the world. Previous studies suggest that caesarean section (CS) may increase the risk of obesity in children, but it is still uncertain whether this association is causal or due to residual confounding by medical indication. Aim: To assess the association between CS, CS without medical indications in particular and the risk of overweight and obesity in school-aged children. Design: Cross-sectional survey. Methods: The 2014 Shanghai Child Health, Education and Lifestyle Evaluation was a large population-based survey with cluster random probability sampling in 26 primary schools in Shanghai, China, in 2014. The mode of delivery was reported by parents. The height, weight and waist circumference of the children were measured. Logistic regression models with SURVEYLOGISTIC procedure were used to estimate the risk of childhood obesity. Pupils delivered vaginally were served as the reference group. Results: A total of 17 571 pupils completed this survey, and 13 724 of them who were singleton, born term and between 5 and 13 years old were included in our analysis. CS was associated with increased risks of overweight and obesity (BMI: adjusted OR ¼ 1. Conclusions: CS overall and CS without medical indications were associated with increased risks of overweight and obesity in primary school children.
What is already known?
1. Cesarean section may be a risk factor for childhood obesity in preschool children. 2. It remains unclear whether this association still exists in school children and in low-and mid-income countries.
Introduction
Childhood overweight and obesity is one of the most serious challenges for child health globally. The worldwide prevalence of childhood obesity and overweight has increased by 50% from 1980 to 2013. 1 Previous studies suggest that caesarean section (CS) may increase the risk of obesity in children 2, 3 as CS may disturb the most important phase of normal microflora formation during delivery, leading to an altered gut microbiota in early life and then obesity. [4] [5] [6] However, it is still being debated whether this association is causal or due to confounding by medical indication. Various methods to control for confounding effects were used in previous studies [7] [8] [9] [10] [11] [12] but residual confounding might still be possible. For example, macrosomia is not only an indication of CS, but also associated with a high likelihood of childhood overweight. 13, 14 Not all confounders can be measured well. Thus, it remains a possibility that the observed associations might be in part due to residual confounding by indications. Interestingly, China has a high proportion of CS performed for maternal request without any medical indications. 15, 16 It offers a unique opportunity to study if CS by itself is associated with the risk of childhood obesity. We carried out this population-based study based on the 2014 Shanghai Children's Health, Education and Lifestyle Evaluation (the SCHEDULE study) to investigate whether CS without medical indication is associated with the risks of overweight and obesity in school-age children.
Materials and methods

Study population
The SCHEDULE study is a population-based cross-sectional survey and was conducted in primary schools in Shanghai, China, in 2014. The Shanghai Municipality was divided into 17 districts and counties, from which seven were randomly selected. Among all primary schools in these 7 districts, 26 schools were randomly chosen. Pupils from Grade one to five were eligible for this study. In schools that had fewer than 1000 pupils, all pupils were eligible. In schools that had more than 1000 pupils, half of the classes were randomly selected. Once a class was selected, all pupils within the class were eligible. A weight was assigned to each subject based on the probability of sampling. 17, 18 This study was approved by the Institutional Review Board (Shanghai Children's Medical Center Research Ethics Committee). We coordinated with the Shanghai Education Commission to select schools and obtain school permissions for this survey. A parental informed consent was obtained for each pupil. A self-administered questionnaire was completed by the parents, from which we collected information on parental demographic characteristics, mode of delivery of the index child, feeding patterns of pupils in the first 4 months after birth, diet, physical exercise in a week, psychological behaviors and history of asthma, allergic rhinitis, autism, attention deficit hyperactivity disorder, dysaudia and diabetes. A questionnaire on the academic performance of each pupil was completed by their teachers. Height, weight and waist circumstance of the pupils were measured at the schools by trained school nurses. Each pupil was measured three times, and his average value of measurements was accepted in our study. For this analysis, we focus on the association between CS and childhood obesity and overweight.
Exposure
Information on mode of delivery (CS vs. vaginal delivery) was provided by parents from the questionnaire. We further classified CS subtypes according to the following indications: woman or family request without medical indication, fetal complications, maternal diseases or pregnant complications and other reasons. The fetal indications included dystocia, fetal distress, suspected macrosomia or fetal growth restriction, fetal malposition, multiple gestation. The maternal indications consisted of severe maternal chronic diseases or pregnancy complications such as congenital heart disease and severe hypertensive disorders in pregnancy. The other reasons for CS included the history of previous CS, placenta praevia, placental abruption, nuchalcord, premature aging of the placenta and uterine malformation.
Outcome
The height and weight of each pupil were measured with an anthropometer with an accuracy of 0.1 cm and 0.1 kg, respectively. The waist circumference with an accuracy of 0.1 cm was measured at naval height when held a breath. These measurements were used to calculate the body mass index (BMI) and waist-to-height ratio (WHtR) values.
Childhood obesity and overweight was identified based on the BMI curves for Chinese children and adolescents at age of 0-18 years. 19 For boys, a BMI 96.3 percentile of children for their age indicates obesity, and a BMI 82.0 percentile indicates overweight. In contrast, for girls, a BMI in the 98.0 percentile of children for their age indicates obesity and a BMI 87.4 percentile indicates overweight. Moreover, WHtR >0.46 was used to define abdominal obesity. 20 
Statistical analysis
We first examined the association between maternal and infant demographic characteristics and mode of delivery. We then explored the associations between CS and the risks of childhood obesity or overweight using logistic regression models with SURVEYLOGISTIC procedure in SAS 9.2 (SAS Institute Inc., Cary, North Carolina). The weight of each subject was assessed by inverse probability weighting. The results were presented as odds ratios (OR) and 95% confidence intervals (CI). The bootstrapping method was used for adjudging the bias of OR from relative risk, since the prevalence of childhood overweight and obesity is not rate. The reference group was pupils with vaginal delivery. If a covariant changed the association between exposure and outcome by 10% or more in our analysis, this variable was considered as a potential confounder and was included in the multivariate model. We identified the following potential confounders: maternal education levels (9, 10-12, 13-16, or 17 years), paternal education levels (9, 10-12, 13-16, or 17 years), maternal history of gestational diabetes (including impaired glucose tolerance) (no/yes), birthweight, gender and newborn resuscitation (no/yes). In addition, we also included family income (<3.0, 3.0-9.9, 10.0-29.9, or 30.0 in 10 000 RMB/ year), gestational age at birth, feeding within the first 4 months (exclusive breastfeeding, artificial feeding, or mixed feeding) and children's passive smoking exposure (no, little, or frequent) as confounders in models according to evidence in literatures.
Missing data of the confounders were included as a separate category in the analysis.
Results
Baseline
A total of 17 571 pupils completed this population-based survey (response rate 99%). We excluded 912 pupils who were not between 5-13 years of age or did not have information on age. We further sequentially excluded the following subjects: 1085 multiple births, 1695 children without information on the reason for CS, 147 children without BMI value and 8 children without WHtR value. We finally included 13 724 pupils for the analysis ( Figure 1 ). Among all subjects, 46.6% was delivered by CS (N ¼ 6397). Moreover, 18.3% of subjects was delivered by CS without medical indication (N ¼ 2507), 19.2% by CS for fetal indications (N ¼ 2634), 2.3% by CS for maternal indications (N ¼ 320) and 6.8% by CS for other reasons (N ¼ 936). The boys and girls have a similar prevalence of CS. Compared with children delivered by vaginal birth, CS births due to maternal disorders were more likely to have a birthweight less than 2500 g, gestational weeks less than 37 weeks and gestational diabetes. Moreover, children delivered by CS for fetal indications had a higher prevalence of macrosomia and newborn resuscitation. Children delivered by CS were more likely to receive artificial feeding or mix feeding in the first 4 month after birth, and their parents' educational levels and family income levels were higher than those of vaginal births (Table 1) .
The prevalence of overweight and obesity was 16.7% and 12.9%, respectively, according to BMI curves for Chinese children and adolescents. The sociodemographic characteristics of overweight or obese children were similar with those of normal subjects, except for a higher proportion of boys (Supplementary  Table S1 ). When stratified by age, the prevalence of overweight and obesity in 5-7 year children were 12.9% and 11.3%, respectively. The corresponding numbers were 17.9% and 13.5% in 8-10 year children and 18.8% and 12.8% in 11-13 year children. For boys, the prevalence of overweight and obesity was 17.9% and 16.1%, respectively, whereas for girls it was 15.3% and 9.2%, respectively. Moreover, there were 28.0% of all children had a WHtR larger than 0.46, 39.6% for boys and 14.8% for girls. When combined BMI and WHtR standards, the prevalence of abdominal obesity was 4.8%, peripheral obesity was 6.4% and abdominal-peripheral overlap obesity was 23.2%. Tables S2 and S3) . Tables S2 and S3 ).
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Sensitive analysis
We conducted sensitive analyses based on the World Health Organization (WHO) standard of childhood obesity and overweight, using bootstrapping method, using complete data, or only including subjects delivered by CS without medical indications and those delivered by vagina. The results were similar to those showed above (Supplementary Tables S4-S7) .
Discussion
In this population-based survey, we found that CS overall and CS without medical indications were associated with more than 40% increased risk of overweight and obesity in children. These findings suggest that CS itself may increase the risk of childhood overweight and obesity. The prevalence of overweight and obesity in our study is higher than a previous report in Shanghai, but similar to a recent report in Guangzhou, another metropolis in China, 21, 22 suggesting that childhood overweight and obesity are becoming more prevalent in China. Our findings that CS may increase the risk of childhood obesity and overweight are consistent with previous reports. We further demonstrate that CS without indications may increase the risk of overweight or obesity in children. Interestingly, the relative risk of CS without medical indication was similar with that of CS with indications. This suggests that the effect of CS on the risk of childhood overweight and obesity may be mainly due to CS itself. Thus, it is important to avoid CS without medical indication to reduce the risk of childhood obesity. The exact underlying biological mechanism of the above association is not clear. It has been found that an altered gut microbiota may be involved into the etiology of childhood obesity. 6 The most important phase of normal microflora occurs during delivery through birth canal, and gut microbiota are completely colonized at the first 6 months after birth, whose signature may last lifetime. 4 However, the fetuses delivered by CS are mainly exposed to microflora that is predominately on maternal skin after birth instead of in maternal vagina, resulting in an altered gut microbiota in early life. 5 Preliminary evidence also suggests that manually exposing newborns delivered by CS to maternal vaginal microbes may partially restore the microbiota of these infants. 23 In our study, the socioeconomic levels were not showed much effect on the association between CS without indication and the risk of childhood overweight or obesity. A previous study in China showed that children in a higher socioeconomic family had a higher risk of obesity than those in the lower. 22 At the same time, women with a higher socioeconomic status are more likely to request CS than those in the lower. 16 Thus, it's not obviously that the socioeconomic levels had much effect on the association between CS without indication and the risk of childhood overweight or obesity in our obesity. It's a pity that we didn't find effect of feeding within the first 4 months after birth on the childhood overweight and obesity (Supplementary Table S7 ). In our study, for children delivered by CS, the odds ratio of obesity in the group fed by exclusive breastfeeding was lower than that fed by exclusive formula feeding. However, the rate of vagina delivery among children fed by exclusive breastfeeding was much higher than those fed by exclusive formula feeding (25% vs. 10%). In contrary, the rate of CS without medical indication fed by exclusive breastfeeding The number of subjects is among those with overweight. The number of subjects is among those with obesity. was lower than those fed by exclusive formula feeding (10% vs. 20%). It seems that women choosing CS may be likely to take exclusive formula feeding. Thus, we adjusted feeding in the model. In our study, we defined overweight and obesity of children according to the BMI curves for Chinese aged 0-18 years, and WHtR >0.46. Since Chinese BMI curve is different from WHO curve, the standard from Chinese BMI curve may more accurately reflect the reality of obesity among our subjects. We also conducted a sensitive analysis using the WHO standard and the results were similar. Moreover, WHtR >0.46 was used as a criterion to assess the abdominal obesity in our study. This standard was based on a national population-based study on childhood obesity and blood pressure in China, 20 where WHtR >0.46 was related to an increased risk of high blood pressure.
It should be noted that information on CS and its indications were self-reported. In our study, the prevalence of CS (46.6%) and CS without medical indication (18.3%) was consistent with the previous report in Shanghai (48% and 20%, respectively). 16, 24 And the maternal recall of CS and severe obstetric complications was demonstrated to be reliable in previous studies. 25 Therefore, the self-reported CS and its indications may be reasonably accurate in our study. Nonetheless, error in recall of clinical indication for CS was still possible.
Conclusions
CS overall and CS without medical indication were associated with an increased risk of overweight and obesity in school-age children in China. Our findings may have important public health implications.
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